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ABSTRACT
if n UnclassVled]

H g~i-frequncny radar observations cf nori irningrockets
traversing the ionosphece often yield large range-discrete
echoes and ionospheric path perturbations during periods in
which 1he venting of fuel components or fluid ballast takes
place. A study of kievera! missile !aunchings during which
such releases occurred has been conducted, and un analysis
of tci experimental data which takes int, account the prop-
agAtion conditions surrounding each lainching is presented.

PROBLEM STATUS

Thii is an interim report on cne phase of the problem;
Srk is cortinuing on this and other phases.

AUTHORIZATION

NRL Problem R02-23
iM1PR (30-602)-63-2929, 2928, 2995
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HF RADAR ECHOES AND REFRACTION E1FECTS DUE TO
WATER AND PROPELLANT RELEASES IN FHE IONOSPHERE

[Unclassified Title]

INTRODUCTION

High-frequency radar observations of missiles traversing b.e ionosphere often exhibit
brief, large echo cross sections during periods in which the rocket .ngines reportedly are
not burning. The appearance of these unexpectedly large echo cross sections commonly
occurs during staging or immediately following engintn- cutoff. It is the purpose of this I
report to present evidence of the occurrence of ion,.spheric pertur•'ations and strong hf
radar echoes durinV periods in which there I i a re:-onable certainty that rocket motors
are not burning.

The study was conducted with the NRL Madi e radar, a coherent pulse-doppler system
possessing receiver rejection fihers matched to the usual spectrum of the earth's back-
scatter. The overall characteristics of the Madrt r,•dar are more thoroughly described
elsewhere (1-8); a brief review of qualities pertinent to the ensuing discussion follows.

The coherent pulse-doppler system utilizes a comb-filter rejection technique to elim-
irate the strong earth backscatter signal iznmedlatLly adjacent to both the cpnter frequency
%nd the pulse repetition frequency (prf) linns. The system possesses a rece.ver transfer
function as shown in Fig. I(a). Notches are placed within the receiver band%%idth upon the
radar carrier frequency and upon each prf sideband. Figure 1(b) shows a detailed sketch
of one such rejection notch used in the Madre radar. It can easily be seen that backscatter-
associated clutter-to-signal ratios approaching 70 db may be accommodated.

0-f -

Jw

J4KO W""IO T
J. ~ ~ ~ T L .L j_____tIQLNC

f'4CEIVER Ap
i4KC) 4 iI .OCPS
(a) (b)

Fig. I - (a) Transfet function of Mad-e receiver utihliing
(b) comb rejection filters

Late. n the receiver system the target signal is converted to a zero-frequency inter-
mediate frequency by the use of a synchronous detector. Two forms of spectrum analysis
then are possible. One cf these two analysis processes is Illustrated n Fig. 2. The zero.
frequency i-f signal is range-gated to exclude the effects of ,.4desi ed target., passed
through a second conmb iilter "hich provides an additional 50 db of back.catter rejection,
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2 NAVAL RESEARCH LABORATORY SECRET

and spectrum-analyzed with the Lid of a Kay Sonograph. The resultant is a doppler-
intensity-time plot of the echo spectrum, with doppler frequency appearing on the ordi-
nate, thsie on the absciasa, and signal ampfltutde appearing as the degree of shading
(intensity) on the plot. Due to the inherent limitations of a pulse-doppler radar, doppler-
shifted traces appear about the prf-induced lines as well as abop* the center frequency,
and hence dopplar frequency is unambiguous only insofar as it remains below one-half
the pri. The 3pectrum analysis provides a doppler resolution of 3 cps. The second form
of spectrum analysis utilIzas a rotating magnetic drum upo-t which short samples of the
coherent echoes are stored and read off sequentially after 1 20-second storage period,
providing a continually updated time-compressed presep, ion of the previous 20 secohds
of received information. This presentat~on appears as , ange-doppler-intensity plot,
with doppler on the ordinate, range on the abscissa, and amplitude appearing as intensity. I
Both types of spectrum analysis are preseated in the following discussion.

ZERO- DELAY-
FRE 6. RANGE BANDPASS LINE SPECTRUM

GATE FILTER COMB ANALYZER
I-F FILTER

Fig. 2 - Block diagram of a spectrum-analysis
system used with Madre radar

DISCUSSION OF MISSILE RELEASE-ASSOCIATED PHENOMENA

During the period from October 1960, until oNovimber 1962, four missile launches
were carried out at the Atlantic Missile ý.ange (AMR) and the Pacific Missile Range (PMR)
which gave rise ýo path-perturbations and strong hf radar echoes at times when no rocket
motors were burning, but when known venting of oxidant or release of f uid bailast was
occurring. Upon occasion these path pertur jations and radar echoes took on a marked
resemblance to the type of effect normally associated with burning rocket motors. The
effects detecteo '• A Madre system during each of the four launches are discussed below.

A1MR Test 2506 - Atlas (E)

TO: 3:15:34 p.m. EDT, 11 Oct. 1960
Frequency: 26.6 Mc

Pulse repetition rate: 180 pps
Pulse duration: 2 50 p see

Radiated power: 1.5 kw (average)
Antenna gain: 14 db over an isotrope

Postflight data indicates that the sustainor engine cut off 150 seconds after liftoff and
that the vehicle itself exploded 5 seconds later. At this time, 155 secunds after liftoff, the
vehicle was at an altitude of 112 km and traveling at 1.5 km/sec. Assuming that the
remaining tainkage and prupellant fullowed a ballistic trajectory, these should have reached
an altitude of 180 km at To* 240 seconds and should hWve continued upward to an apogee cl
211 km.

SECRET



SECRET NAVAL RESEARCH LABORATORY 3

The illumination geometry, determined from observation of ground backscatter, and
the missile's trajectory are sketched in Fig. 3. This illustration indicates that the ballistic
path of the remnants was visible to the Madre radar for altitudes above 180 kmn.

Figure 4(a) shows the effects of a path perturbation which began at T,+ 240 seconds,
the time at which propagation co~nditions indicate that the missile remnants entered the
Madre antenna beam. This illus~tration Is a spectrogramn of earth backscatter retu."s

t I RA-ICTCORV

Calk 10-2 K IILWtTER

I Fig. 3 - Illumination geometry and missile
trajectory for AMR Test 2508

~ 20 45 240 5 850 255 tk3 M6 210 215 29D 2W5
AMR TEST 102M0 TIME AFTER I*0 WI)
TYPEIATLAS
It Oct, 1960
To& 315,34 EOT PM()

22W 23 285 240 245 250 255 2i0 265 Ott VA M8 8
TIME AFTER To tSEC)

(b)

Fig. 4 - Doppler-intensity-time records of (a) path pertrbatte.a anx(b) diffuse echo assoclited with exploding mrnatss of AMR Test 2508
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driven outside the clutter rejection filters by the path perturbation. Backscatter is driven
20 cps from the 180 cps line at T,+240 seconOq and gradually relaxes to norm'i over a
period approaching one minute. This perturbation was quite similar to the type produced
by a missile actually burning through the F-.rtion. Figure 4(b) shows a reflection at
TO+ 256 seconds which exhibits discreteness in range and diffusion in doppler. This reflec-
tion lasts approximately 2 seconds and presumably represents an echo from a charge
gradient moving up through the ionosphere at the approximate range of the ballistic missile
fragments.

AMR Test 0811 - Jupiter

To: 1:17:53 p.m. EDT, 18 Apr. 1962
Frequency: 15.595 Mc

Pulse repetition rate: 180 pps
Pulse duration: 200 p see
Pewer: 75 kw (average)

Antenna gain: 11 db over an isotrope

In this flight all missile functions were normal until To .153 seconds. At that time
fuel depletion was reached due to an excessively fuel-rich propellant mixture, and normal
guidance cutoff was not achieved. Oxygen venting is certain to have continued until the
supply was exhausted (or until TO.522 seconds when the guidance computer initiated cutoff
"procedures). Backscatter coverage ran from 760 to 1250 naut mi in range with a strong
peak at 810 naut mi. The coverage suggested by this backscatter distribution is sketched
in Fig. 5.

cc . -. .- - -- -- -

2O 4 IO II 1 12 13 t4 1 6 1 o 1 0 2

COA 0I-1 X KILOMETER

Fig. 5 - Illumination geometry as indicated by backscatt :r
observations at the Madre site, and missile trajectory zor
AMR Test 0811

Figure 6 is the range-gated doppler-intensity-time record. The first reflections
occurred at To 1162 seconds when the missile was at an altitude of 131 km. It is worthy
of note that the backscatter observations represented in Fig. 5 indicate that the burning
rocket actually entered the beam of the Madre antenna when it achieved an altitude of 70
km at To* 130 seconds. No reflection or path perturbation was detected, however, until
To+ 162 seconds, 9 seconds after the fuel was depleted. The character of the effect evident:
at TO, 162 seconds was similar to that associated with a burning rocket traversing the
E-layer. This reflection continued until To+ 190 seconds when the missile had achieved
an estimated altitude of 200 km. The slope of the doppler envelope apparent near the start

SECRET
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of the signature corresponds roughly to that of the expected missile doppler. The abrupt
disappearance of the target at To. 4190 seconds probably was due to the missfil's exit from
the radar- illuminated region. The slowly shifting cdppler lines near 180 .-ps are due to
aircraft echoes from the range interval under exarajnatloit.

rTEST Wl& 0811
jTYPE4WITE1
DATE, 18 APM M92

'T. 1*17. 523P
FREQUENCY IS595
iRAHEE, 720 NRl

120 125 130 00 140 K45 150 K5 ~ 5 170
TWE AFTER Tof$CCI

0~ A

175 O SS ISO W 5 A 0 05 M 220 Zt
WEATER (SiCI

F'ig. 6 -Doppler-intensaty-time record of diffuse echo c~ue to
oxygen ventiug associated with AMR Test 0811
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AMR Test 5051 - Saturn (SA-3)

T,,: 12:45:02 p.m. EST. 16 Nov. 1962
Frequency: 18.036 Mc

Pulse repetition rate: 90 pps
Power: 75 kw (average)

Pulse duration: 300. sec
Antenna gain: 12 db over an isotrope

The illumination suggested by backscatter coverage is sketched in Fig. 7. This vehicle
was ballistic above 100 kin. At T,. 292 seconds, when the missile reached its apogee of
167 km, 192,528 pounds of water were rcleased into the ionosphere.

.i.. ........ .

-'h "

6TRiEC*T10R1Y.

I AMR . " 9
C0A 

X0 ' xLYFTE

Fig. 7 - Illumi..ation geometry as indicated by brckscatter
observations at :he Madre siteý, and missile trajectory for
AMR Test 5051

Figure 8 is . dopplcr-intensity-time presentation Lf e.hoes from a range gate centered
on the missile itself. A large reflection may be seen in this illustration beginning precisely
at T,,. 292 seconds, the exact time of the water release. This reflection persisted %ntil

365 seconds and at its peak displayed an echo cr,ss section of 4 - l0 square meters.

Figure 9 is a doppler-intensity- time presentation of ethoes from a range gate centered
on the backscatter returns from a one-hop distance at %%ht h iontospheric reflection would
have occurred in the region in which the ionospheric perturbation tbxAt place. An iono-
spheric perturbation is seen to have begun in Fig. 9 at the Aater-release time. Thispertur-
bation moved rapidly through a distance of 140 naut mn tojard the rad-r site and achieved
amaximum doppler sprcad of-18 cps about the 90 pps line. Its durati , was approximately
4 minutes.

Figure 10 shows the c(nv-ntional Wdd u.Ai1$s 4! the uater-relrAse reflections. The
doppler frequency s ale is on the left, running from 0 to 45 cps Apprximate range Is
given on the top horizontal scale running from 450 t '400 nait mi. Time after launch is
indicated on the counter in minutes and seconds. The ek ho starts a ith the available doppler
frequencies filled. its maximum doppler decreases ;% ith tite arnd icupies about 20 cps aW
the inie of the e.,ho s disappearance.
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Fig. 10 - onvenuonal Maxtre record of doppler -intensity -range for w.e

diffuse echo O~ut to water release associu-.d with AMR Test 50SI
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Fig - 12 - C-Alelq Mar ecord of .dopplet t.,g for tht
diffuse *che dua to owtdixer .4tte. austocad with PMR Test 291201
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CONCLUSION

During each of these four missile launches the Madre facility was abWe to detect hf
radar echoes at the approximate range of the vehicl, at a time when Its rocket motor was
not burning. In. three cases the missile itself had achieved E-sayer altitudý when the
effects set In, and In all four events the charadter of the echoes bore a close resemblance
to the effects normally associated with burning rockets traversing the ionoswhere. In two
cases an ionoipheric path perturbation, usually detected when a burning rocket passes
through the F-layer, was discerned when nonburnihg dtelris approached F-layer heigbt.
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